Objectives: We report our comparative experience of on-pump and off-pump full arterial coronary artery bypass grafting (CABG) using both internal mammary arteries (IMAs) anastomosed as a Y-graft. Methods: A single-center clinical study was conducted prospectively between January 2003 and May 2008. It compared the short-and mid-term clinical outcomes of on-and off-pump arterial revascularization where the left internal mammary artery (LIMA) was anastomosed to the left anterior descending (LAD) artery while the free right internal mammary artery (RIMA) graft taking off from the LIMA was used to bypass different coronary targets. Results: One hundred and ninety-two patients were divided into 77 on-pump and 115 off-pump procedures based on the intention to treat. The mean age in both groups was 60.2"11.7 and 68.1"10.6 years, respectively (P-0.05). Mean predictive logistic EuroSCORE was 3.5"6.7% for the on-pump group and 7.3"8.6% for the off-pump group (P-0.0001). Mean number of distal anastomoses were 2.7"0.6 (group ON) and 2.5"0.6 (group OFF) (PsNS). Postoperative mortality was two patients (2.6%) in the on-pump group and four patients (3.4%) in the off-pump group (Ps0.63). No major adverse cardiac event, no stroke and no late death were reported during the follow-up that averaged 36.5"18.6 months. Angina recurrence was three patients (2.6%) in off-pump and two patients (3.5%) in on-pump group (PsNS). Conclusions: The use of a free RIMA as Y-graft from the LIMA performed off pump eradicates aortic manipulations and provides complete revascularization to high-risk patients with mortality similar to the one of a lower risk population operated on pump. The morbidity and cost was lower in the off-pump group. This advocates for the widespread usage of the technique in high-risk patients. ᮊ
Introduction
After more than three decades of continuous refinement, coronary artery bypass grafting (CABG) on cardiopulmonary bypass (CPB) became a very reproducible operation with excellent outcomes in clear-cut indications.
In the evergoing quest to improve the procedure, offpump coronary artery bypass surgery (OPCAB) has been developed with the aim to avoid the deleterious effects of CPB, hence the mortality and morbidity it generates. Although abundant evidence is available to suggest that excellent results can be achieved when CPB is avoided, it has been difficult in many instances to demonstrate a clear-cut improvement in endpoints, such as mortality w1x, stroke w2x or inflammatory response w3x, as compared to on-pump surgery in an era of evidence-based medicine that mandates prospective randomized controlled trials (PRCT) as the most accurate tools for determining a treatment benefit compared with a control population (level A of evidence). This has led to a worldwide stagnation of OPCAB volumes. In fact, the high expectations of OPCAB may have been unproven rather than unmet for several reasons: foremost because the mortality and morbidity of CABG is very low in mixed groups of patients and subsequently huge cohorts need to be enrolled to reach statistical power enabling to demonstrate unequivoqual differences. This makes a conclusive prospective randomized trial difficult to achieve w4x. It is well known that conducting a PRCT is difficult and time consuming for evaluating surgical procedures like CABG, where there are many incremental risks and ethical limitations. One of the ways to get around the difficulty of PRCT is to assign the CABG and OPCAB groups entirely on the lines of intention to treat and then to conduct the analysis after selecting the patients by performing propensity matching. This approach is time consuming and needs a very large number of patients to screen out matched cases w5, 6x. Secondly, because OPCAB actually encompasses a large scope of different techniques which are quite operator dependent, this makes large retrospective studies and registries very inhomogenous, and their comparisons, even with propensity analysis, are inaccurate w6x.
Eventually in the specific group of high-risk patients, retrospective comparisons of ON and OFF pump coronary artery bypass are scarce in the literature w7-9x and no PRCT focusing on this issue have been published.
In order to obviate those limitations, we report our experience comparing a homogenous technical approach performed by three experienced operators. It compares different risk populations based on the intention to treat. We assume that the demonstration that high-risk patients operated off pump present with outcomes similar to those of a lower risk population operated on pump would add to the evidence that OPCAB is a legitimate approach to the treatment of CAD in this group.
Methods
Between January 2003 and May 2008, patients scheduled to receive full arterial revascularization with bilateral internal mammary arteries (IMAs) for 'two or more'-vessel disease were enrolled prospectively. No patient was excluded due to specific risk factors. This represents only a fraction of the total CABG population in the department. Other patients do not get full arterial revascularization, or get full arterial grafts with only one mammary and the radial artery, or with other minimally invasive approaches. In our institution the usage of OFF pump technique is widespread, but we use the ON pump technique when there is absolute contraindication depending on individual basis, like patients with severely dilated hearts with ischemic cardiomyopathy, and the heart cannot be lifted. However, the proportion of ON vs. OFF pump cases in the present cohort is similar (;40%) to its proportion in our overall caseload. EuroSCORE was used to predict the risk of mortality for each patient.
Surgical technique
All patients received a standardized, computer-assisted, intravenous anesthesia including transesophageal echocardiography and were operated by median sternotomy. In both groups the IMAs were harvested with electrocautery and side branches were clipped before heparinization. They were dissected with a pedicle of muscle and fascia to minimize arterial wall damage and to prevent graft twisting. The length of the right mammary segment was adapted to the number and location of the target vessels to be bypassed. Mostly only a short segment, between the 2nd and the 4th intercostal space was needed. After full heparinization, right internal mammary artery (RIMA) was cut and soaked in papaverine. The free RIMA was anastomosed to the lateral aspect of the left internal mammary artery (LIMA) just below the level of the pericardial reflection before the pericardium was opened. The latero-terminal anastomosis ('Y') was conducted with 8y0 Prolene (CON-VIDIEN). Then the flow was checked manually by inspection, and clinically through the hemodynamic monitoring and also through the transesophageal echo for all patients. In the on-pump group, classic CPB, clamping and antegrade crystalloid cardioplegia was used in our institute with good results. In the off-pump technique, the right coronary artery (RCA) was bypassed first then the distal Cx vessels, obtuse marginal andyor intermediate branches before the left internal mammary artery (LIMA) was anastomosed to the left anterior descending (LAD) artery or sequentially to the diag and LAD branches. Exposure and stabilization systems (OctopusyStarfish Medtronic, Minneapolis, USA) were used in every single case. Every anastomosis was performed with the usage of a shunt. When a proximal arterial snare was used it was released after the shunt had been placed. Distal snaring was never used.
Data analysis
Perioperative and follow-up data were collected prospectively in a dedicated database. Follow-up was performed at six weeks, six months and one year. It included clinical examination, interrogation and stress testing or functional imaging. CT coronary angiography or coronary angiography was carried out in the event of recurrent ischemia. During the beginning of this study we carried out CT coronary angiography for 17 patients of both groups six weeks after the operation. The results showed that there was very good patency in all the 17 patients; there was no evidence of occlusion, twisting, limited permeability or disturbed flow, but for economic reasons we stopped carrying out this kind of investigation. All the patients were contacted by telephone at the end of the study period. Seven patients (3.6%) were lost in the follow-up.
Continuous variables were expressed as mean"standard deviation (S.D.). Comparisons were performed by using Student's t-test, x -test, appropriate at a level of signifi-2 cance of Ps0.001. The statistical analyses were performed using 13.0 SPSS software package. The authors had full access to the data and take full responsibility for its integrity. All authors read and agree to the manuscript as written.
Results
One hundred and ninety-two patients were divided into 77 on-pump (ON) and 115 off-pump (OFF) procedures. Preoperative characteristics are listed in Table 1 . No patient due to off pump was converted to CPB due to perioperative hemodynamic instability, conversely one patient due to be operated on pump was 'converted' to off pump because of the preoperative discovery of a severely, non-clampable ascending aorta. The mean age in both groups was 60.2"11.7 and 68"10.6 years, respectively (P-0.001). Mean predictive logistic EuroSCORE was 3.5"6.7% for the on pump group and 7.3"8.6% for the off pump group (P-0.0001). Left ventricular ejection fraction (EF) ranged from 15% to 80% with a mean of 62"15% in on pump and 55"16% in off pump group (P-0.001). Operating time was 223"39 min and 175"48 min in both groups, respectively (P-0.001). Mean number of distal anastomoses were 2.7"0.6 (ON) and 2.5"0.6 (OFF), respectively (PsNS). Perioperative data and complications are presented in Table 2 . Perioperative intra-aortic balloon pump was necessary in one patient (1.3%) in the on-pump group and in two patients (1.7%) in the off-pump group. Mean postoperative hospital stay was 10.2"4.5 days in the on-pump and 9.2"3.4 days in the off-pump group (P-0.01). No postoperative cerebral vascular accident occurred in any group. Sternal dehiscence occurred in one patient in either group. Postoperative mortality was two patients (2.6%) in the on-pump group and four patients (3.5%) in the off-pump group (PsNS). One death in the on-pump group occurred in patient with a very low EF (15%) who was due to be operated on pump because he was included in the MAGIC trial; another patient died because of acute renal failure on top of chronic renal failure with early postoperative complications. The other four patients in the off-pump group died because of different reasons, 1st one because of acute respiratory failure on top of COPD he stayed for one week over mechanical ventilation, the 2nd died because of reoperative bleeding with revision then he developed low cardiac output syndrome. Recurrence of anginal symptoms occurred in one patient (1.3%) in the onpump group and in two patients (3.5%) in the off-pump (PsNS) with a follow-up coronary angio as follow; 1st was showing incomplete revascularization of the RCA because it was ungraftable. In the last two patients one because there was mild twist with lower flow on the side graft towards the OM branch, this patient needed reoperation. The last one was also due to incomplete revascularization and needed a stent to RCA.
No major adverse coronary events were reported. Only one late death was registered in the off-pump group one year after the operation because of sudden ventricular tachycardia. The average of the follow-up period was 36.8"18.6 months.
Discussion
We present the results of full arterial revascularization using both IMAs in a cohort of 192 patients that were prospectively split into two groups (on pump or off pump) according to the intention to treat.
The two groups were operated by the same surgeons during the same period that took place after the learning curve of OPCAB. Our institutional policy for choosing between ON and OFF pump strategy relies on the ISMICS guidelines for OPCAB surgery w1x. This translates into different demographics between the two groups and into different expected mortality rates (Table 1) , the off-pump operation being mostly used for high-risk patients w9x.
Therefore, this study highlights the current differences in the patient populations and the differences in the results of the two operative approaches and aims at demonstrating the benefits of OPCAB without aortic manipulation in highrisk patients.
The usage of both mammary arteries for coronary artery bypass has repeatedly demonstrated its benefits in terms of survival and recurrence of cardiac events w11-13x. However, standard coronary bypass operations in most cases still involve the use of a single LIMA anastomosed to the LAD and vein grafts to the other target vessels. The reasons of this poor penetration may be that harvesting of the right mammary artery prolongs the overall operative time and that its limited length does not always enable us to reach every coronary target. Also, although this has been refuted by different authors w14x, a higher rate of sternal dehiscence and infection has been reported in association with bilateral IMAs revascularization w15x, especially in diabetic patients w16x and concerns have been raised about the patency rates of the right mammary artery used to bypass the LAD, either as a pedicled graft w17x or as a free graft arising from the aorta. This has led to different patterns of bilateral IMAs revascularization which have sometimes been compared w18x. There is little evidence to advocate for one or another graft arrangement and the technique varies across, and sometimes inside, institutions w18-20x.
In the current study, as mentioned above, the patency rate of the LIMA to the LAD is not challenged by the use of any other conduit including the RIMA w17x, so the LIMA was dedicated to the LAD in all cases. With respect to this prerequisite, and in order to overcome the issues of length and 'proximal mismatch' between the free RIMA and the aorta, 'Y' grafts were constructed by anastomosing the free RIMA to the pedicled LIMA at the level of the pericardial reflection, adding an extra 10 cm of length to the RIMA w21x. Intravascular flow measurement studies made using a Doppler guide-wire documented adequate blood supply through the LIMA 'main stem' and sufficient coronary flow reserve to ensure myocardial perfusion of the left heart one week and six months after surgery in this graft configuration w22x.
This mounting also enables us to reach every distal coronary target. In the setting of OPCAB, it permits to avoid any manipulation of the aorta and, therefore, decreases the risk of stroke w23x. When the target vessel for the RIMA graft is close to the left pericardial reflection andyor when only one 'non-LAD' vessel needs to be bypassed, only a short segment of the RIMA has to be harvested. This spares operative time and decreases ischemia to the right hemisternum. Therefore, it should favorably impact the hazard of sternal dehiscence or mediastinitis w21x which have not been observed in the present series.
This strategy has been applied in both groups on and off pump and the results were compared. It is noteworthy that OPCAB has not compromised the completeness of revascularization, with the number of grafts performed and the number of grafts performedyvs. planned, being similar in the two groups. The target vessels were also similar in the two groups with namely the same proportion of posterolateral Cx arteries ( Table 2 ). This indicates that OPCAB indication is not driven by the patient's coronary anatomy but mostly by the patient's condition and risk factors. As a matter of fact, the major reason for choosing full arterial OPCAB is to avoid a high risk of neurological andy or renal dysfunction in elderly patients andyor severely atheromatous patients, whereas in younger, low-risk patients, it is driven by the willingness to give them the long-term benefits of double mammary.
Despite the above-mentioned higher expected mortality the observed intra-hospital mortality was similar in the two groups. It is noteworthy that no patient in this cohort presented a stroke or transient ischemic accident in either group and that no patients displayed sternal wound dehiscence or mediastinitis. The off-pump group had a lower rate of blood products transfusion, of atrial fibrillation, and of postoperative pulmonary complications. The group operated off pump had a shorter ventilation time, ICU stay and hospital stay. The off-pump group exhibited a lower perioperative cost that was decreased by an average of 28%.
This was due to less resource utilization: a lower overall perfusion fee, shorter operative times, faster extubation, shorter ICU stay and the above-mentioned decrease in perioperative complications and blood products transfusion.
Angina recurrence was low and similar in the two groups, no repeat revascularization was needed across the followup period so that the cost comparison between groups was not affected.
This finding that OPCAB outperforms the EuroSCORE for high-risk patients is in contradiction to the previous report w7x from the early days of OPCAB. Riha et al. w7x reported higher rates of blood product transfusion, ICU stay and A. Fib. and a higher mortality in high-risk compared to lowrisk. These discrepancies can be largely explained by technical evolutions of the OPCAB technique over the recent years, such as avoiding proximal side clamps and snares, usage of shunts and increased experience of the anesthesists' management of hemodynamics.
These discrepancies also highlight the fact that the OPCAB encompasses a wide range of operator dependent variables and that affects the interpretation of comparisons between mixed cohorts of OPCAB and mixed cohorts of CABG. We also need to mention the fact that a higher proportion of patients were females in the off-pump group in our cohort and this may have played a role since recent data w24x have shown that OPCAB suppresses the overmortality due to feminine gender.
Conclusion
The benefits of bilateral IMA revascularization, in composite Y grafts, can indeed be offered to high-risk patients with mortality and morbidity similar to the ones of lower risk group by operating them off pump. This is a strong argument for the widespread usage of OPCAB without aortic manipulation in this group of patients, which is becoming more prevalent in an era of shifting risk profile. We assume that the demonstration that OPCAB provides the same mortality and a lower morbidity to high-risk patients when compared to lower-risk patients is one more major indication to recommend OPCAB in high risk. Whether these conclusions can be generalized to other OPCAB techniques than those described here above is questionable and requires further investigation.
